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by I,. A. Shchepkin  

A d e t a i l e d  s t u d y  of l a t i t u d e  dependence o f  t h e  F 2 - l a y e r f s  
I 

c r i t i c a l  f r e q u e n c i e s  GF2  ( y )  F e r n d t t e d  t o  r e v e a l  i n  t h e  cour se  

o f  t h e  last few y e a r s  a tendency  toward a s p e c i f i c  dependence 

upon t h e  h e i g h t  o f  t h e  Sun,  t o g e t h e r  w i t h  a c l e a r l y - e x p r e s s e d  

geomagnet ic  e f f e c t .  T h i s  f i n d s  i t s  s h a r n e s t  ex:>ression i n  t h e  

s h i f t i n g  i n  t;:e course  o f  a day o f  t h e  f0F2 maximum ill. A s h i f t  

o f  t h a t  maximum from low t o  hi,r;h l a t i t u d e s  i s  obse rved  from mor- 

n i n g  t o  rxidday, and a f t e r  1 4 0 0  hour-s l o c a l  t i m e  - i n  t h e  r e v e r s e  

d i r e c t i o n .  The d a i l y  cour se  of f,F2 a l s o  r e v e a l s  a tendency  t o  

va.ry with t h e  l a t i t u d e  [2], which a p p e a r s  t o  be depent 'ent  upon 

t h e  geogrkph ic  as w e l l  as t h e  p o m a g n e t i c  c o o r d i n a t e s .  A no te -  

wor thy  p a r t i c u l  r i t y  o f  that ;  depcncience i s  t h e  p r e s e n c e  o f  two 

m a x i m a  i n  t h e  cu rve  of  f0F2 c o u r s e ,  p r i o r  and a f t e r  midday, 

a rapprochement  o f  tlic-ee iiiaxima w i t h  t 5 e  r i s e  of  t h e  l a t i t u d e ,  

and t k e i r  merger i n t o  a s inKle  r i d d a y  maxisum a t  a c e r t a i n  l a t i t u d e .  

(See Fig. 4 i n  r e f e r e n c e  [2]). 



. 

. 

2. 

I n  c o n n e c t i o n  v::ith the above ,  one nay  also p o i n t  t o  

t h e  small d i f f e r e n c e  i n  t h e  va lue  o f  c o r r e l a t i o n a l  r a t i o s  o f  

f o  F2 w i t h  t h e  gec ,pz l2h ica l  znd t h e  geoma n e t i c  coorc i ina t e s  , 
e s t a b l i s h e d  by i i e r b l a y  [ 3 ] .  All t h i s  p r o v i d e s  t h e  b a s i s  o f  sear- 

c h i n g  f o r  t h e  c a u s a l i t y  b e t c e e n  t h e  g e o c r a p h i c a l  d i s t r i b u t i o n  

o f  f0F2 at low l a t i t u d e s  and t h e  z e n i t : : d  a n s l e  o f  t h e  S u n ,  bea- 

r i n g  i n  mind t h o s e  anomal ies  which a r e  u o u a l l y  c o n s t r u e d  as geo- 

n a g n e t i c  e f f e c t s  p r o p e r .  

It  was shown i n  t h e  p r e s e n t  a u t l i o r t s  r e f e r e n c e  L4], t h a t  

t h e  e x i s t e n c e  o f  t s o  m a x i m a  of i o n  f o r n a t i o n  i n t e n s i t y  i s  p o s s i b l e  

i n  t h e  F r e g i o n  o f  t h e  i o n o s p h e r e  w i t h i n  a s p e c i f i c  i n t e r v a l  o f  

v a l u e s  o f  t h e  h e i g h t  o f  t h e  Sun, and t h a t  a t  t h e  u p p r  bound-ary 

o f  t h a t  v a l u e ,  c h a r a c t e r i z e d  by t h e  G u a n t i t y  c o s  &2 ( - b e i n g  

t h c  S u n ' s  z e n i t h &  a n g l e ) ,  t h e  upber  maxinium d e g e n e r a t e s  i n t o  a n  

i n f l e x i o n ,  and d i s a i q e a r s  c o r q l e t e l y  as a n  extreme at g r e a t e r  

h e i g h t s  o f  t h e  Sun. A t r a n s i t i o n  from one mechznism o f  F 2 - l a y e r  

naximum f o r m a t i o n ,  s i r c i l a r  t o  t h a t  v h i c h  i s  g i v e n  by t h e  tl-c:or-y 

o f  t h e  s i m p l e  l a y e r ,  t o  t h e  o t h c r ,  by c;ay 05 vrhich t h e  F2 - l a y e r  

maximum i s  formed i n  t h e  b r e a k  aivay fron: t h e  maxiL..um o f  i o n  forma- 

t i o n  i n t e n s i t y ,  may t h e n  be expec ted .  T h i s  c z u z e s  a s t r o n g  sub-  

j e c t i o n  i n  t h e  l a t t e r  c a s e  ol t h e  F2- lzyer  t o  t h e  e f f e c t  o f  e l e c -  

t ron-ion gas flows, l inkec i  w i t h  t h e  d i f f u s i o n ,  d r i f t s ,  compres- 

s i o n s  and ex;jcu?sions o f  t h e  atmos7here.  

L e t  u s  discus:. from t h a t  v i e c p o i n t  t h e  r e f e r r e d - t o  tencen-  

c i e s  i n  f,F2 and i n  t h e  1 c . t i t u d e  vc.ri?. t ion o f  t h e  d a i l y  c o u r s e  o f  

f o  F2 a t  low l a t i t u d e s .  F l o t t e d  a r e  i n  t h e  g r a p h  ( n e x t  p a g e )  tile 

c u r v e s  ol t h e  l a t i t u d e  d i s t r i b > l t i . c n  of  c o s  f o r  a s e r i e s  o f  

h o u r s  o f  t h e  day cornpgted f o r  15 J a n u a r y ,  .:he h o r i z o n t a l  l i n e  co r -  

resp;ondc t o  a c e r t a i n  v a l u e  o f  c o s  $ 2 ,  assur.un@y i n v a r i a b l e  r.iith 

t h e  l a t i t u d e  i n  t h e  nea r -ec jua to r i a l  r e g i o n .  I n  t h e  X o r t h e r n  h e n i -  

" -- 

i c h  i s  t h e  iv in t e r  heuis; .)here,  t h e r e  t a k e s  ? l a c e  a t  low 
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l a t i t u d c s , a c c o r , i n g  t o  t h e  above c o n c i d c r a t i o n s , a  t r c n s i t i o n  

from one t o  a n o t h e r  mechanism o f  F2- layer  f o r m a t i o n .  iL l o n e r i n q  

o f  f0F2 a t  l a t i t u d e s  beLG*Qi t h e  t r a n s i t i o n a l  because  o f  t h e  b r e a k  

o f f  fi-on t h e  ma,ximili of i o n  f o r n a t i o n  o f  t h e  P2- layer  i.iaxiri-um 

may be l i n k e d  w i t h  s u c h  a t r a n s i t i c n .  A t  l a t i t u d e s  above t h e  t r a n -  

s i t i o n z l  a r i s e  of  f o F 2  may be e x n e c t e d  i n  a c l i r e c t i o n  toward 

t h e  e q u a t o r ,  which i s  rcl .a ted t o  tlze i n c r e a s e  01 c o s  x .  A s  a 

r e s u l t ,  a rn~xiim~n o f  fo F2 fq)  imst forrn n e a r  t h e  t r a n F i t i 0 n a . l  

l a t i t u d e .  It may be s e e n  frolJ  t h e  -;rayh t h a t  t h i s  maximum n u s t  

form n e a r  t h e  e q u a t o r  i n  t h e  morning h o u r s  ( a b o u t  

t i m e )  and s h i f t  toviard t k e  r e g i o n  o f  h i - h e r  l a t i t u d e s  i n  nropor-  

t i o n  t o  n e a r i n g  t h e  micday. L f t e r  midl".ay h o u r s  a r e v e r s e  s h i f t  

o f  t h e  foF2 maxinum imst t ake  p l z c e .  I n  t h e  sum-er  he r l i sphe re  

t h e  F2 - l a y e r  m a x i L i u m  n u z t  f o r m  i n  t h e  b r e a k  from t h e  iAaximum of 

i o n  f o r m a t i o n  t h r o u g h  t o  h i z h  l a t i t u d e s .  A t e n d e n c y  t o  t h e  forma- 

t i o n  of t h e  

s p h e r e ,  which is c o n d i t i o n e d  by t h e  l a t i t u d e  c o u y s e  o f  cos ;C . 
The d k c u s s e d  tendency  must l e>c<  t o  Lhc f c  c ion  o f  a foF2 maxi- 

i:ium at  t h e  s a l e  l a t i t u d e  vi:;ere t i l e  q u a . l t i t y  c o s  ;C 9. r!rxi!:iuEi. 

06 00 h r s  l o c a l  

f,F2 ( q )  maxhurn nay a l s o  be 12erceived i n  t h a t  ht.mi- 

1 1 1 1 1  
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The Troposeci scher-e d o e s  n o t  p r o v i d e  f o u n d a t i o n s  t o  essert 

t h a t  t h e  

t h e  h c i s h t  of  t h e  Sun i n  t h e  sumner hemisphere.  T h i s  may h e l p  

f0F2 (9) maximum n u s t  undergo d a i l y  s h i f t s  l i n l i e d  mi th  
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i n  b r i n g i n g  f o r t h  s p e c i f i c  judgelxents on  t h e  c a u s e s  o f  t h e  d a i l y  

s h i f t  02 t h e  examineci naxiinum i n  c o n p a r i n g  t h e  p a t t e r n s  of l a t i t u -  

de d i s t r i b u t i o n  of 3'2 - l a y e r ' s  c r i t i c a l  f rec , ,uenc ies  i n  b o t h  hemi- 

s F h e r e s  a t  d i f f e r e n t  h0ui-s o f  t h e  day. 

It fo1iov:s f rom t h e  above c o n s i d e r a t i o n s  t h a t  t h e  fo F2 ( L p )  

m a x i m a  may form i n  t h e  sumxr and r i i n t e r  ben i sphe rcs  n o t  o n l y  on 

accoun t  o f  e l e c t r o n - i o n  gas f l - o ~ s  i n  ai? h o r i z o n t a l  d i r e c t i o n ,  b u t  

a l s o  as a consequence of  t h e  above-descr ibed  v a r i z t i o n  i n  t h e  

c o n d i t i o n s  o f  ~ ' 2 - l a y e r  f o r n a t i o n  as a f u n c t i o n  o f  c o s  .;C a t  v a r i o u s  

l a t i t u d e s .  A t  t h e  same time t h e  l a t t e r  cause  must a c t  d i f f e r e n t l y  

i n  t h e  suxi. ler and :-:inter hell l ispheres.  The d i f f e r e n c e  i n  t h e  mecha- 

n i s m  o f  o f  f o  F2 (q )  maximurn f o r n a t i o n  i n  d i f f e r e n t  hemispheres  

may a l s o  a p p e a r  t o  be t h e  cause o f  t h e  f a c t ,  t h a t  t h i s  raaxirmm is  

u s u a l l y  g rea t e r  i n  t h e  w i n t e r  hemisphere  t h a n  i n  t h e  swmer h e n i -  

s p h e r e  [3]. 
k r i n g  t h e  e q u i n o c t i a l  s e a s o n  t h e  d e s c r i b e d  mechanism must 

l e a d  t o  a symiiietric f o r m t i o n  o f  f o  F2 ((p) rnayima i n  b o t h  hemi- 

s c h e r e s  ( r e l a t i v e l y  t o  t h e  geogrnal i icd.  e q u a t o r ) ,  and b o t h  r n a i m a  

must a t  t h e  same t ime be formed by t h e  v e r y  s a n e  mechanism i n  

b o t h  hemispheres .  

F u r s u i n g  s in i l a r  c o n s i d e r a t i o n s  one may cone t o  t h e  conclu-  

s i o n  t h a t  t h e  proposed scheme al lovis  t o  i n t e r p r e t  even  t h e  above- 

d e s c r i b e d  p a t t e r n  of l a t i t u d e  v a r i a t i o n  o f  t h e  d a i l y  cour se  of  

f o F 2  
z a t i o n  i n  t h e  F- reg ion .  Indeed ,  t h e  f a r t h e r  from t h e  e q u a t o r  i n  

w i n t e r t i m e ,  t h e  c l o s e r  t o  midday t h e  d c s c r i b e d  t r a n s i t i o n  must 

t a k e  p l a c e  from t h e  one t o  t h e  o t h e r  rziechanism o f  3'2-layer forma- 

t i o n .  The r e v e r s e  t r a n s i t i o n  must t a k e  p l a c e  i n  an i n t e r v a l  o f  time 

sym.iet i - ical  r e l a t i v e  t o  midday. A t  a c e r t a i n  l z t i t u d e  

i s  o n l y  r eached  a t  noon. ,?his i s  p r e c i s e l y  t h e  l a t i t u d e  a t  vh ich  

a s i n g l e  l a r g e  maxinium o f  t he  d a i l y  c o u r s e  o f  f0F2 i s  observed  i n  

t h e  noon re ,gion.  

on t h e  b,asis of  t h e  funclamental p r o c e s s  o f  a tmosphere i o n i -  

c o s  $ = C O S  $, 2 
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